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57 ABSTRACT 
A system for effecting transport over a surface among a 
plurality of terminals, including at least one transport 
vehicle movable over the surface, light barriers dividing 
the surface into a plurality of contiguous elemental 
zones and sensing the passage of a vehicle across a 
boundary between two contiguous zones, light signal 
generators for emitting light signals identifying each 
zone occupied by a vehicle and identifying the location 
of each terminal, logic circuitry connected between the 
barriers and said light signal generators for controlling 
the light signals identifying each zone in response to 
passage of a vehicle across a boundary, a photoelectric 
receiver carried by the vehicle for sensing light signals 
produced by the light signal generators and producing 
electrical signals representative of the light signals, and 
a vehicle movement control circuit carried by the vehi 
cle and connected to receive the electrical signals from 
the photoelectric receiver for controlling the move 
ment of the vehicle in dependence on the light signals. 

9 Claims, 15 Drawing Figures 
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NAVGATION SYSTEM FOR UNMANNED 
VEHICLES 

BACKGROUND OF THE INVENTION 
The present invention relates to a navigation system 

for controlling the travel of unmanned, self-propelled 
vehicles across a surface among a plurality of terminals. 

In many industrial or commercial installations, it is 
necessary to transport materials, personnel, tools, or 
machines from a starting location to a selected destina 
tion location. For such purposes, the exact route fol 
lowed by the transport vehicle is not of importance. It 
is of importance, however, that a transport vehicle not 
collide with another transport vehicle or with a fixed 
obstacle along the travel route. It is additionally desir 
able that any personnel present in the travel area not be 
struck by a transport vehicle. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
system which permits a plurality of such vehicles to 
travel, with self guidance, across a surface to individual 
destination locations. 
Another object of the invention is to provide un 

manned, self-propelled transport vehicles with naviga 
tion information without requiring the transmission of 
electrical signals, by any means, to the vehicle during its 
travel. 
Another object of the invention is to reduce to a 

negligible level the risk of collision of a vehicle with 
another vehicle, an obstacle in the travel area or person 
nel. 
Another object of the invention is to limit the travel 

of such vehicles to permitted routes. 
A further object of the invention is to provide a navi 

gation control system which is electrically independent 
of each transport vehicle. 
Yet another object of the invention is to make the 

operating state of the system visible to human observ 
es. 

A still further object of the invention is to make possi 
ble rearrangements of the configuration of the area over 
which vehicles may travel without requiring redesign 
of the vehicle controls. 

Still another object of the invention is to permit a 
substantial number of vehicles to travel over the area at 
the same time. 
These and other objects are achieved, according to 

the present invention, by a system for effecting trans 
port over a surface among a plurality of terminals, 
which system includes at least one transport vehicle 
movable over the surface; barrier means for dividing 
the surface into a plurality of contiguous elemental 
zones and for sensing the passage of a vehicle across a 
boundary between two contiguous zones; light signal 
generator means for emitting light signals identifying 
each zone occupied by a vehicle and identifying the 
location of each terminal; circuit means connected be 
tween the barrier means and the light signal generator 
means for controlling the light signals identifying each 
zone in response to passage of a vehicle across a bound 
ary; first photoelectric receiver means carried by the 
vehicle for sensing light signals produced by the light 
signal generator means and producing electrical signals 
representation of the light signals; and vehicle move 
ment control means carried by the vehicle and con 
nected to receive the electrical signals from the photoe 
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2 
lectric receiver means for controlling the movement of 
the vehicle in dependence on the light signals. 

It will be noted that the invention provides a solution 
to the problem of guiding one or more transport vehi 
cles over a given surface area to selected destination 
locations, but that this invention does not address the 
problem of bringing a vehicle to a precisely defined 
position for docking. Once a vehicle has reached the 
destination zone in a system according to the invention, 
subsequent docking can be effected manually by operat 
ing personnel at that location, or automatically by 
known systems which do not form a part of this inven 
tion. 
An unmanned, self-propelled, or autonomous, vehicle 

is one which is capable of movement under its own 
power and of making certain elementary decisions 
while enroute. Such a vehicle thus differs from a re 
motely controlled vehicle whose travel is controlled by 
an operator or automatic system at some distance from 
the vehicle and in communication with the vehicle. An 
autonomous vehicle is also to be distinguished from a 
vehicle which is guided along tracks or marked paths. 

In contrast to remote controlled or guided vehicles, 
autonomous vehicles of the type described above offer 
a number of advantages, including elimination of the 
need to install rails or otherwise establish guide paths, 
elimination of the need for a remote control operator, 
and elimination of the need for supplying guidance 
signals to the vehicle from some remote location. 
According to the invention, all guidance and collision 

and hazard avoidance information is provided to each 
vehicle by stationary light sources which communicate 
with each vehicle only via their light beams, and by 
stationary light barriers which monitor the movement 
of vehicles over the area to obtain information for con 
trolling the navigation control light beams. 
The system according to the invention enables the 

area over which vehicles are permitted to travel to be 
readily designated so as to prevent the vehicles from 
colliding with obstacles or entering an area which is 
otherwise unsafe, in that it contains, for example, a 
trench. Moreover, by simply repositioning supports 
carrying the navigation control light beams, a given 
area can be adapted to any changes in location of ha 
zards, without requiring redesign of the control compo 
nents provided on the vehicle. Thus, a vehicle need not 
be provided with detailed information regarding per 
mitted travel routes, and will receive this information, 
while enroute, from the stationary light sources. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial plan view of an area equipped 
with a navigation control system according to the in 
vention. 
FIG. 2 is partly a pictorial view of a portion of the 

system of FIG. 1 and partly a block circuit diagram of 
a control circuit for the system. 
FIGS. 3a-3j are signal diagrams illustrating the oper 

ation of the circuit of FIG. 2. 
FIG. 4 is a perspective view of a component of the 

system of FIG. 1. 
FIG. 5 is a plan view of a vehicle whose navigation is 

to be controlled by the system of FIG. 1. 
FIG. 6 is a block circuit diagram of a vehicle control 

apparatus carried by the vehicle of FIG. 5. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a simplified pictorial plan view of the sta 
tionary components of a navigation system according to 
the invention for controlling the movement of vehicles 
over a floor or ground surface among a group of load 
ing docks 1,2,4, 5, 6, 7, 8 and 9. The navigation system 
includes an array of zone admission light supports 11, 
15, 17 and 19 arranged, in the illustrated embodiment, in 
a rectangular grid pattern to delineate an array of 
square zones, with each zone having a light support at 
each corner thereof. 

Each light support carries between 1 and 4 light 
sources, with each source producing a directed light 
beam having a beam axis 21. As is illustrated, each sup 
port 11 carries four such light sources oriented so that 
their beam axes are angularly spaced apart by 90°. Each 
support 15 carries three such light sources and each 
support 17 carries two such light sources. In the case of 
supports 15 and 17, the axes of the beams produced by 
the light sources are also angularly spaced apart by 90'. 
Each support 19 carries a single light source producing 
a single directed beam. 

Each side of each square zone is further associated 
with a light barrier 24, only one of which is shown, in 
broken lines, in FIG. 1, for the sake of simplicity. Each 
light barrier can be constituted, in a known manner, of 
a source of a collimated light beam carried by one light 
support and a photocell aligned with that beam and 
carried by a support at the other end of the associated 
Zone edge. 

In accordance with one embodiment of the invention, 
the system further includes additional navigation lights 
27, 28, 29 and 30 which may be mounted on separate 
supports or may be suspended above the ground, or 
floor, area. Lights 27-30 may be disposed wherever 
required and are constructed to emit light in all direc 
tions to serve as navigation beacons. However, accord 
ing to another embodiment of the invention, the lights 

... carried by supports 11, 15, 17 and 19 are operated to 
control zone admission and to provide navigation infor 
mation, in which case additional navigation lights 27-30 
would not be required. 
Each light barrier 24 is electrically associated with 

the zone admission light sources whose beam axes are 
directed toward the zone edge associated with that light 
barrier. Thus, by way of example, the barrier 24 which 
is illustrated in FIG. 1 will be electrically associated 
with the light source carried by the support 19 which is 
located between docks 4 and 5 and with that light 
source which is carried by the support 15 immediately 
above and to the right of light barrier 24 and whose 
beam axis is directed toward that barrier 24. The man 
ner in which each of those light sources is controlled 
when the light barrier 24 is interrupted and then re 
stored will depend on the direction of movement of the 
vehicle which interrupts the light barrier, i.e. whether 
the vehicle is entering or leaving the zone with which 
that light source is associated. 

FIG. 2 depicts the zone admission light supports, and 
two of the light barriers associated with a single zone. 
In the illustrated case, the zone is bounded by four 
different types of light source supports. However, each 
support is shown to be divided into four quadrants, with 
each quadrant being associated with a light source. In 
the case of support 19, there is only one light source 
associated with the single illustrated beam axis 21. FIG. 
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4. 
2 additionally illustrates a suitable logic circuit for con 
trolling the light beams which monitor the boundaries 
of that zone. Each light barrier includes a receiver 34 
producing an output signal which indicates whether the 
light beam associated with that barrier has been inter 
rupted or not. Each receiver 34 associated with the 
given zone is connected to a respective input of an 
AND-gate 36. Since each light barrier is simultaneously 
associated with two zones, each receiver 34 will addi 
tionally be connected via a line 38 to a separate logic 
circuit arranged to control the light sources of the other 
associated zone. The logic circuit for each zone can be 
identical to that shown in FIG. 2. 
Thus, AND-gate 36 has four inputs each connected 

to the receiver 34 of a respective one of the four light 
barriers associated with the illustrated zone. The output 
of gate 36 is connected to the input of an inverter 40 and 
to the signal input of a trigger flip-flop 42. The output of 
inverter 40 is connected to the input of a further trigger 
flip-flop 44. 

Each of trigger flip-flops 42 and 44 is constructed to 
respond to each positive pulse edge at its input in order 
to assume an output state which is the complement of its 
previous output state. 

In addition, each of the flip-flops 42 and 44 is con 
nected to a line 46 to receive a setting signal which 
depends on whether, at the start of operation of the 
system, the associated zone is occupied by a vehicle or 
is vacant. The signal applied via line 46 sets the output 
of each flip-flop 42 and 44 to the logic “0” state if the 
associated zone is vacant, or to the logic “1” state if the 
associated zone is occupied by a vehicle. 
The output of flip-flop 42 is connected to one input of 

each of four OR-gates 48. As will be explained, each of 
gates 48 is associated with a respective one of the light 
sources monitoring the associated zone. The output of 
each OR-gate 48 is connected to a respective signal 
generator 50 whose output is, in turn, connected to 
control a respective light source. The connections of 
the outputs of two of the signal generators 50 are illus 
trated. 
The output offlip-flop 44 is connected to one input of 

each of four two-input AND-gates 52, only two of 
which are shown to simplify the illustration. The other 
input of each AND-gate 52 is connected to a respective 
receiver, or photocell, 34. 
Each of the generators 50 is constructed in a conven 

tional manner to cause its associated light source to 
produce a first type of signal when a positive signal is 
applied to the generator input and to cause its associated 
light source to produce a second type of signal when no 
signal is present at the generator input. The operation of 
the circuit will be described below with reference to the 
waveforms shown in FIGS. 3a-ji. The location of each 
of the waveforms of FIGS. 3 is indicated in FIG. 2 by 
the reference letter of the associated one of FIGS. 3a-i. 
Each of FIGS. 3 is broken at the middle to indicate that 
the operating state associated with those signal values is 
of indeterminate length. 
The waveforms shown in FIGS. 3 are based on the 

assumption that the zone shown in FIG. 2 is initially 
vacant, and a vehicle enters the zone via the right-hand 
boundary shortly after the beginning of the time period 
depicted and exits the zone via the lower boundary near 
the end of the period depicted. If the zone is initially 
occupied by a vehicle, then the operating sequence 
would begin with the circuit in the operating state de 
picted in the mid-region of the waveforms. In the illus 
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trated embodiment, positive logic is assumed, with the 
output of each receiver 34 producing a logic “1” when 
the light barrier is uninterrupted and a logic “0” when 
the associated barrier is interrupted. 
At the beginning of the sequence depicted in FIGS. 3, 5 

a vehicle entering the zone first interrupts the right 
hand light barrier and after the vehicle has completely 
entered the zone, that light barrier is restored. The 
signal produced by the associated receiver 34 is de 
picted in FIG.3a. When any of the four light barriers 10 
associated with the zone is interrupted, the output of 
AND-gate 36 assumes the logic “0” state, and the out 
put of inverter 40 correspondingly assumes the logic 
“1” state. The output of gate 36 is shown in FIG. 3c, 
while that of inverter 40 is shown in FIG. 3e. 

Thus, when any one of the light barriers associated 
with the zone is interrupted, the output state of flip-flop 
42 remains unchanged, as shown in FIG. 3d, while that 
of flip-flop 44 is switched to the complement of its pre 
ceding state, as shown in FIG. 3f 
The output of flip-flop 42 is supplied to one input of 

each of the four OR-gates 48, while the output of flip 
flop 44 is supplied to one of the inputs of each of AND 
gates 52. The other input of each gate 52 is connected to 
the light receiver 34 associated with a respective one of 25 
the light barriers bounding the zone. 
The waveform of the output thus appearing at the 

gate 52 associated with the light barrier which is ini 
tially interrupted is shown in FIG. 3g, while the wave 
form of the output of each of the other gates 52, associ 
ated with barriers that are not initially interrupted is 
shown in FIG. 3h. 
The output of each AND-gate 52 is connected to the 

other input of a respective one of the OR-gates 48. The 
resulting output of that gate 48 which is associated with 
the light barrier that was initially interrupted is shown 
in FIG. 3i, while the outputs of the other OR-gates 48 
are depicted in FIG. 3i 

After the vehicle has completely entered the zone, so 
that the associated light barrier is restored, the output 40 
state offlip-flop 42 is switched, while that of flip-flop 44 
remains unchanged. 

Subsequently, when the vehicle exits the zone by 
traversing the lower light barrier, the output signal 
from that receiver 34 will have the form shown in FIG. 45 
3b. When that light barrier is interrupted, the output 
state of flip-flop 44 switches, while that of flip-flop 42 
remains unchanged. After the vehicle has completely 
left the zone, so that the light barrier is restored, the 
output of flip-flop 42 is switched, while that of flip-flop 
44 remains unchanged. 

Each generator 50 is constructed so that when the 
signal at its input has a logic “0” state, the generator 
output will cause its associated light source to produce 
a light signal indicating that the associated zone is va 
cant. When the input signal to a generator 50 has the 
logic “1” state, the generator output will cause the 
associated light source to produce a light signal indicat 
ing that the zone is occupied. Thus, as can be seen from 
FIGS. 2 and 3, when a vehicle entering the zone ini 
tially interrupts the right-hand light barrier, the light 
source on support 11 whose beam covers that boundary 
continues to produce a light signal indicating that the 
zone is vacant, so that the vehicle is permitted to con 
tinue entering the zone, while all of the other light 
sources produce light signals indicating that the zone is 
occupied, so that a vehicle approaching the zone from 
any other direction will be halted. After the vehicle has 
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6 
completely entered the zone, the signal applied to the 
light source on support 11 will also be switched to indi 
cate that the zone is occupied, so that a following vehi 
cle cannot enter the zone by passing through the right 
hand boundary. 

Subsequently, when the vehicle exits the zone, all of 
the light sources continue to produce light signals indi 
cating that the zone is occupied until the vehicle has 
completely exited from the zone, i.e. until the lower 
light barrier has been restored. It will be seen that as the 
vehicle leaves one zone and enters the next zone, the 
light sources associated with the two zones will be 
independently controlled to provide the necessary light 
signals. 
While the logic circuitry for controlling the light 

sources in a given zone has been illustrated in the form 
of a separate circuit for each zone, it will be appreciated 
that all the light receivers 34 and all of the light sources 
of the system can be connected to a single computer 
which is programmed to control each zone of the sys 
tem in the manner described above. 

FIG. 2 additionally illustrates, by means of broken 
lines, the area of coverage 54 of each navigational light 
beam. Generally, each beam is directed somewhat 
downwardly so that it can be "seen” by a photoreceiver 
on the vehicle within a region corresponding to more 
than one-half of the area of the zone which is adjacent 
to the zone with which the beam is associated and 
which is adjacent the zone boundary associated with 
that beam. This assures that the light sensor on a vehicle 
will not respond to zone admission light beams as 
soicated with remote zones or associated with the zone 
presently occupied by the vehicle. 

FIG. 4 shows, in perspective form, a suitable embodi 
ment of a zone admission light support, a support 19, 
being shown. This support includes, near its top, a zone 
admission light beam source 56 positioned and oriented 
to produce a beam having the area 54 shown in FIG. 2. 
The beam produced by source 56 is inclined down 
wardly by a sufficient amount to be in the field of view 
of the light receiver of a vehicle which is located in the 
immediately adjacent zone, as described above. 
Near its base, support 19 will be equipped with two 

light receivers 34 (only one of which is shown) and two 
light sources 58, each associated with a respective light 
barrier. 

Furthermore, support 19 carries, at a location above 
the light barrier, a light source 60 producing a down 
wardly directed light cone 62 which will serve as a 
hazard warning light to signal a vehicle that it is ap 
proaching too close to a support. Such a hazard warn 
ing light can be provided on any other structure, such as 
the navigation lights 27-30, disposed in the vehicle 
travel area. 

Supports 11, 15 and 17 could be constructed in a 
manner identical to that shown in FIG. 4, but with 
between two and four light beam sources 56 appropri 
ately distributed around the circumference of the sup 
port. 

Alternatively, all of the supports of a system accord 
ing to the invention could be provided with four light 
beam sources, with those sources which are not re 
quired because of the particular location of the support 
simply being deactivated. This alternative would sim 
plify rearranging supports when required. 
FIG. 5 is a plan view showing an exemplary autono 

mous vehicle whose navigations is to be controlled in a 
system according to the present invention. Vehicle 66 
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includes, in addition to steerable front and rear wheels 
and a system for propelling the vehicle in either direc 
tion, upwardly directed light sensors 70, 72, 74, 76 and 
78 which are oriented to receive only the light pro 
duced by sources 60, and two light sensors 80 which are 
each carried by a pivotable support 82 and which are 
oriented to receive light produced by sources 56 and the 
light radiation produced by navigation lights 27-30. 

Light sensors 70-78 are connected to suitable cir 
cuitry, to be described below, which will appropriately 
control the steering and direction of travel of a vehicle 
after at least two of those sources have begun to receive 
light from a source 60. The sequence in which these 
sources begin to receive light will indicate the direction 
of movement of the vehicle relative to a support carry 
ing source 60, and will thus provide information as to 
the maneuver which the vehicle should make in order 
to avoid the associated support. 
More specifically, if vehicle 66 approaches a support 

19 in such a manner that the sensor 70 at its leading end 
is the first to receive light, followed by the adjacent 
sensor 72, an indication is provided that vehicle 66 is 
heading almost directly toward the support. Under 
these circumstances, the sequence of signals provided 
by sources 70 and 72 will be converted into control 
signals which instruct the vehicle to first travel in the 
reverse direction for a short distance and to then resume 
traveling in the initial direction while turning a certain 
amount to the right. Correspondingly, if light begins to 
be received by sensors 70 and 74 in sequence, a similar 
operation will be effected, but the vehicle will be in 
structed to turn to the left after having traveled in the 
reverse direction and then resuming travel in its initial 
forward direction. 

If sensor 72 should be actuated first, followed by 
sensor 70, this means that the center of the vehicle is 
heading slightly to the right of the support. In this case, 
the sequence of signals produced by the sensors can be 
utilized to instruct the vehicle to execute a sharp turn to 
the right in order to avoid the support, without execut 

ring a reversal in the direction of its travel. 
If light is received first by sensor 72 and then by 

sensor 76, it is known that the vehicle heading is more 
oblique to its direction to support 19, in which case the 
signal sequence can instruct the vehicle to turn to the 
right by a lesser amount. 

Finally, if light is received first by sensor 70 and then 
simultaneously by sensors 72 and 74, signifying that the 
vehicle is heading directly toward the support, the re 
sulting signal sequence is utilized to cause the vehicle to 
travel in the reverse direction and to then travel for 
ward while turning either to the left or right in accor 
dance with a preselected convention. 
The placement of sensors 70-78 on vehicle 66 can be 

determined on the basis of the distance, M, between a 
support and the periphery of its associated light cone 62. 
By way of example, each sensor 70 should be less than 
0.7M from each side of vehicle 66, each sensor 76 and 
78 should be less than 0.7M from its associated end and 
side edge of the vehicle, so that its distance from the 
closest corner of the vehicle is less than M, and any 
additional sensors behind 76 and 78 should be located 
less than M from the adjacent sensor and less than 0.7M 
from the associated vehicle side edge. 
As the vehicle travels over the floor area, the pivotal 

support 82 at the forward end of the vehicle can be 
continuously pivoted over a range extending 135-150 
to each side of the forward direction of travel so that 
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8 
the associated sensor 80 can scan for zone admission 
lights and navigation lights. 
An exemplary embodiment of a vehicle movement 

control system mounted in vehicle 66 is shown in block 
form in FIG. 6. This system includes a hazard warning 
logic circuit 84 connected to all light sensors 70-78. 
Only the sensors located at one end of the vehicle are 
shown. However, the sensors located at the other end of 
the vehicle can be connected in parallel with the corre 
spondingly numbered sensors shown in FIG. 6 since 
when a vehicle is traveling in a given direction, the 
sensors at the forward end of the vehicle, with respect 
to its current direction of movement, will always be the 
ones to come within a light cone 62. 

Logic circuit 84 can be constituted by a microproces 
sor or a hard-wired logic circuit constructed to detect 
the sequence in which light sensors 70-78 enter a light 
cone in accordance with the relationships discussed 
above. The construction of such a logic circuit, or the 
programming of a microprocessor, would be readily 
apparent to those skilled in the art. When a particular 
sequence of light sensor activations has been detected, 
circuit 84 generates a characteristic signal, which can be 
in digital form, identifying the particular sequence de 
tected. As long as sensors 70-78 do not detect light from 
the source 60, circuit 84 will produce no output signal, 
and will therefore not influence the operation of the 
vehicle. 

In order to provide protection against activation by 
ambient light, the light produced by sources 60 can be 
given a particular pulse pattern, an on-off pattern at a 
selected frequency being suitable. In this case, circuit 84 
will be constructed to respond only to signals at that 
frequency. 
The two light sensors 80 are connected to a switch 85 

which is controlled to pass signals only from the sensor 
at the forward end of the vehicle. The output of switch 
85 is connected to a navigation light signal monitor 86, 
which monitors each light signal received by sensor 80. 
Monitor 86 includes components which provide an 
indication of the intensity of the output signal from 
sensor 80. Monitor 86 is constructed to compare succes 
sive occurrences of a given navigation light signal pat 
tern as support 82 pivots in order to identify the maxi 
mum amplitude value, which occurs when the axis of 
the field of view of the operative sensor 80 is directed 
toward the corresponding navigation light. 
Monitor 86 is connected to a comparator circuit 88 to 

supply representations of each navigation light signal 
for which a maximum has been identified by monitor 86. 
Each of monitor 86 and circuit 88 can be provided 

with suitable digital sampling elements, memories and a 
suitably programmed microprocessor. As will be appar 
ent from the description to be presented below, all of 
these components can be of a conventional nature. 
Comparator circuit 88 is further connected to a pro 

grammable memory circuit 90 having programming 
inputs 92 that may be constructed to permit manual or 
electrical inputting. Programming inputs 92 are actu 
ated to input into circuit 90, for storage, a representa 
tion of the light signal associated with the loading dock 
to which the vehicle is to travel. If the system includes 
separate navigation lights 27-30, memory circuit 90 will 
additionally be programmed to store representations of 
the pattern of the signals produced by each navigation 
light which is located along permitted paths between 
the vehicle starting point and the destination dock. 
Circuit 90 is further constructed to supply each stored 
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representation in sequence to comparator circuit 88 in a 
certain priority order. By way of example, this priority 
order could be constituted by the signal pattern associ 
ated with the destination loading dock, followed by the 
signal pattern of each successive navigation light in the 
direction from the destination dock to the starting loca 
tion of the vehicle. Each signal representation is sup 
plied in turn from memory circuit 90 to comparator 
circuit 88 to be compared with each signal pattern pro 
vided by monitor 86 at the end of a scanning interval. If, 
during that interval, the first signal pattern supplied by 
memory 90 does not coincide with a signal pattern 
observed by monitor 86, comparator 88 signals memory 
90 to deliver the next highest priority signal pattern. 
Thus, the system always seeks the signal pattern associ 
ated with the most remote location along the intended 
travel path of a vehicle before "looking' for the next 
closer navigation signal pattern. 

During scanning, support 82 is rotated about a verti 
cal axis by means of a drive device 94 which addition 
ally continuously monitors the direction of the axis of 
the field of view of sensor 80 and produces a signal, on 
output line 96 connected to monitor 86, indicating the 
instantaneous angular position thereof relative to vehi 
cle 66. This signal can be in digital or analog form and 
is associated in monitor 86 with a navigation signal for 
which a maximum is identified. 
To prevent difficulties due to simultaneous reception 

of more than one navigation light signal, the following 
alternatives may be used, singly or in combination: each 
sensor 80 can be constructed to have a narrow field of 
view; monitor 86 can be constructed to employ correla 
tion techniques to monitor only the first navigational 
signal pattern received until a maximum is identified, 
and to then begin to monitor a subsequently received 
pattern; the navigation sources can be controlled to 
emit their navigation light signal patterns in a sequence 
so that they do not overlap in time; all navigation signal 
lights can be constructed and oriented so that each light 
can be sensed over only a limited part of the total area, 
a slight amount of overlapping being permitted to as 
sure that sensor 80 will always be in the range of one 
navigation light along the path of vehicle travel. 
A vehicle control logic circuit 98 receives compari 

son signals and associated sensor angular position sig 
nals from comparator circuit 88 and a hazard warning 
signal from logic circuit 84. 
The circuit arrangement further includes a zone ad 

mission light evaluation circuit 102 which is also con 
nected to receive the signals passed by switch 85 and 
which is connected, in turn, to vehicle control logic 
circuit 98. As will be explained below, the light signal 
pattern indicating whether a particular zone is vacantor 
occupied will always have some characteristic which is 
detectably different from the navigational light signal 
patterns. Moreover, each zone admission light beam 
will impinge on a sensor 80 only when the associated 
vehicle is in a zone adjacent to that associated with a 
particular zone admission light beam. 
Zone admission light evaluation circuit 102 can there 

fore be constructed in a simple manner to determine 
whether a zone admission light beam being sensed by 
sensor 80 is indicating that the associated zone is vacant 
or occupied. The resulting signal, which can be a simple 
two-level signal, is supplied to vehicle control logic 
circuit 98 to inform that circuit as to whether the zone 
which is adjacent the zone presently occupied by the 
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vehicle and which is in the direction of the current field 
of view of sensor 80 is occupied or vacant. 

Circuit 98 is further connected to device 94 to pro 
vide, if desired, signals instructing device 94 to cease 
pivoting support 82 or to resume such pivoting move 
ment. 
Vehicle control logic circuit 98 includes a series of 

output lines connected, respectively, to electrically 
controllable steering mechanisms 104 and 106, each of 
which steers the wheels at a respective end of vehicle 
66, and to a drive motor 108 for propelling vehicle 66. 
Drive motor 108 may be permanently connected to 
both sets of vehicle wheels, by a suitable transmission, 
and may be rotatable in either direction. Alternatively, 
drive motor 108 can be selectively connected to only 
one set of wheels at a time, depending on the direction 
in which the vehicle is to be propelled. 
According to the exemplary embodiment shown in 

FIG. 6, circuit 98 contains a microprocessor 114 consti 
tuting the central processing unit for the vehicle move 
ment controlysstem. Microprocessor 114 is connected 
to receive signals from hazard warning logic circuit 84, 
and to exchange signals with a navigation logic 118, a 
zone admisson logic 120 and a steering/drive logic 124. 
Microprocessor 114 is further connected to supply 
switch control signals to switch 85 and drive control 
signals to drive device 94. 

If a hazard warning signal is supplied by circuit 84, 
microprocessor 114 disables logics 118 and 120 until the 
appropriate hazard avoidance manouver has been exe 
cuted. Similarly, microprocessor 114 may disable logic 
120 while a navigation light signal is being acquired and 
may disable logic 118 while a zone admission light is 
being acquired. 

Microprocessor 114 supplies steering and drive sig 
nals to logic 124 and can receive therefrom signals indi 
cating that the desired manouver has been performed 
and/or indicating the distance traveled by the vehicle 
during a certain time period. 

All of the circuits shown in FIG. 6, as well as mecha 
nisms 104 and 106, motor 108, and the transmissions 
connecting motor 108 to the vehicle wheels may be 
constructed according to conventional techniques. 
Among the many possible specific embodiments of 

the invention, two particular embodiments will be de 
scribed: one in which the zone admission lights only 
provide an indication of whether their associated zone 
is vacant or occupied and all navigation is controlled by 
navigation lights, such as 27-30, and similar navigation 
lights, such as light 110, disposed at each loading dock 
1, 2 and 4-9; and one in which all zone admission and 
navigation informaton is provided by the zone admis 
sion lights alone, in which case navigation lights 27-30 
and 110 are not required. The first-mentioned embodi 
ment is preferable for those installations in which, be 
cause the loading docks, or similar destination struc 
tures, will be moved from time to time or moveable 
obstacles will be present in the operating area, the avail 
able navigation paths will change. The second embodi 
ment is preferable in a more permanent installation. 

In the case of the first alternative mentioned above, 
each zone admission light can be controlled in a very 
simple manner to produce a continuous beam when its 
associated zone is vacant and a beam which is pulsed at 
a selected frequency when the associated zone is occu 
pied. However, if it is desired to prevent the light sen 
sors from producing false "zone vacant” signals in re 
sponse to ambient light, each zone admission light can 
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be controlled to produce light pulses at a first frequency 
if the associated zone is vacant and at a second fre 
quency, preferably having a ratio of 1:3 to the first 
frequency, when the associated zone is occupied. Ac 
cording to another possibility, the zone admission light 
frequency can be kept constant, and the duration of 
each pulse can be varied. By way of example, if the 
associated zone is vacant, the zone admission light can 
have an on-off duration ratio of 2:1, while if the associ 
ated zone is occupied, the on-off ratio can be 1:2. 

All of the navigation lights 27-30 and 110 are con 
structed to radiate their light signals in all directions and 
at an inclination to the horizontal so that such signals 
will be received by sensors 80 everywhere in the area 
covered by the navigation system, except for a region in 
the immediate vicinity of a respective navigation light 
or in a region where the line-of-sight between a sensor 
80 and a navigation light is blocked by an obstacle. In 
that case, the navigation lights are positioned so that a 
vehicle always has line-of-sight communication with 
one of the navigation lights whose pattern is pro 
grammed into memory circuit 90. 

Since vehicle 66 has two sensors 80, switch 85 is 
connected to receive a signal from logic circuit 98 to 
pass only the light sensor signals from that sensor 80 
which is at the forward-traveling end of vehicle 66. 

Each navigation light produces a characteristic light 
pulse sequence which can be preceded by an identifica 
tion pulse sequence that informs monitor 86 of the start 
of a navigation light signal pulse sequence. 

Preferably, navigation light pulse signals have some 
detectable characteristic which is clearly different from 
the zone admission light signals. By way of example, 
each navigation light sequence can be at a detectably 
different frequency or can be constituted by a detecta 
bly different pulse pattern. For example, each naviga 
tion light signal can be constituted by a particular pat 
tern of short and long pulses separated by intervals such 
that the ratio of the duration of each pulse to the dura 
tion of the subsequent interval has a value of 1:1. How 
ever, this is only one exemplary possibility, and many 
other possibilities would be readily apparent to those 
familiar with digital signalling techniques. 
The light pulse sequence associated with each naviga 

tion light could, by way of example, be based on the 
Morse code and could thus, in a simple manner, indicate 
whether the particular light beam is being emitted by a 
navigational signal light located within the area cov 
ered by the system or by a light associated with a partic 
ular loading dock. The light beam signal could then 
additionally identify the particular navigational light 
SOLTCe. 

A typical navigation procedure will now be de 
scribed for a system in which navigation signals are 
provided by light sources separate from the zone admis 
sion light sources, with particular reference being made 
to FIGS. 1 and 6. 

It should initially be noted that in the system depicted 
in FIG. 1, those zone admission light beams whose axes 
are provided with a hash-mark are permanently set to 
produce a "zone occupied' signal. This will reliably 
assure that vehicles do not travel out of the system. At 
the borders of the area, only those light beams which 
are associated with a zone containing a loading dock are 
controlled in accordance with the actual occupancy 
state of the associated zone. Each loading dock, 1, 2 and 
4-9 is provided with a respective navigation light, iden 
tical to light 110 associated with dock 1. Each of those 
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12 
navigation lights, as well as each of navigation lights 
27-30, is controlled to produce a characteristic light 
pulse pattern composed of a beginning light pulse se 
quence, which is the same for all navigation lights and 
then a pulse sequence which is characteristic of the 
particular navigation light. 
At the start of the operation, all zone admission lights 

are set, in the manner described previously, to indicate 
whether the associated zone is initially occupied or 
vacant. It is assumed that a vehicle is initially present at 
dock 4 and is to travel to dock 8. At dock 4, the circuit 
90 of the vehicle is programmed with the identifying 
pulse patterns of dock 8, navigation light 28 and naviga 
tion light 29, in such a manner that those pulse patterns 
will be examined in sequence in the order stated. 
When programming has been completed, a signal can 

be supplied to instruct the vehicle to begin traveling 
away from dock 4. At this time, circuit 98 instructs the 
device 94 at the forward end of the vehicle to begin 
rotating support 82 in a manner to cause the associated 
sensor 80 to effect a continuous scanning movement 
extending over a range from 135' to the left of the vehi 
cle axis to 135 to the right thereof. If sensor 80 receives 
a light pulse signal containing the identification pulse 
sequence identifying a navigation light signal, the inten 
sity of that signal is monitored by monitor 86 and is 
subsequently compared with the intensity of the next 
occurrence of that signal. Each navigation light signal 
has a total sequence period which is short compared to 
the rate of scanning movement of light sensor 80. If the 
successive comparisons of a particular navigation light 
signal indicate that the light signal intensity is increas 
ing, the scan is continued. If the intensity had been 
increasing but then begins to decrease, monitor 86 can 
instruct circuit 98 to halt the pivoting movement of 
support 82 so that the pattern being monitored is noted 
and temporarily stored together with a signal on line 96 
identifying the corresponding angular position of the 
axis of the field of view of sensor 80. Alternatively, if a 
navigation signal pulse sequence is of sufficiently short 
duration, the sequence can be noted, when a maximum 
has been identified, and associated with the signal on 
line 96 without halting the scanning procedure. 

After a maximum has been identified and stored in 
monitor 86, scanning can continue. 

If a signal sequence supplied to monitor 86 continu 
ously decreases in intensity from one measurement to 
the next, i.e. without passing through a maximum, scan 
ning simply continues without that sequence being 
stored. Possibly, a maximum of that particular signal 
pattern will be identified during scanning in the other 
direction, i.e. from right to left. 

After a complete scanning movement in one direc 
tion, or a scanning cycle consisting of a complete scan 
in both directions, the navigation light signal pattern or 
patterns for which maxima have been identified in cir 
cuit 86 are supplied in sequence to comparator circuit 
88, each with the signal indicating the corresponding 
direction of the axis of the field of view of sensor 80. 
Each such navigation light signal pattern is compared 

with the pattern, supplied by circuit 90, identifying 
dock 8. If no match is observed, all such light signal 
patterns are compared with the pattern identifying navi 
gation light 28 and, if a match is still not observed, with 
the pattern identifying navigation light 29. 
Thus, when a match is observed, it will always be 

with reference to the highest priority navigation light 
visible to sensor 80. 
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The system is constructed to assure that a vehicle 
within the controlled area can always "see' at least one 
navigation light whose pattern is stored in circuit 90. If 
no such pattern is observed scanning can be continued 
during a time period shorter than that needed to tra 
verse a single zone, and if an appropriate navigation 
signal pattern has still not been observed, the vehicle 
can then be halted and caused to emit a visible or audi 
ble alarm, or circuit 98 can instruct the vehicle to con 
tinue to travel forward while being controlled by zone 
admission lights during a selected time period and to 
then again seek a navigation light. 
Once a navigation signal pattern supplied by monitor 

86 matches with one of the patterns supplied by mem 
ory 90, the corresponding sensor direction signal is 
supplied from comparator circuit 88 to vehicle control 
logic circuit 98. As a result, circuit 98 instructs drive 94 
to rotate support 82 so that sensor 80 is pointing in the 
indicated direction. Circuit 98 then supplies signals to a 
selected one of mechanisms 104 and 106 and, if neces 
sary, to drive motor 108 to cause the vehicle to travel 
forward and to turn toward the indicated direction. 
During such turning, support 82 can be caused to rotate 
at a rate corresponding to the rate at which the vehicle 
is turning in order to track the source of the identified 
navigation light. Alternatively, a further scanning pro 
cedure can be initiated. 
As an alternative to driving and turning the vehicle 

after the direction to a desired navigation light has been 
determined, the vehicle can be halted and device 94 can 
be caused to rotate support 82 to scan for zone admis 
sion lights over an angular sector whose reference di 
rection is the direction to the desired navigation light, 
which scan will be described in detail below. 

After a navigation light source has been identified, 
and the vehicle may or may not have turned in order to 
head toward the source of that navigation signal light, 
the vehicle may be stopped and circuit 98 supplies sig 
nals to drive device 94 to cause sensor 80 to effect a scan 
from a direction 45-50 to the left of the vehicle axis, or 

“; of the reference direction, to a direction 45-50'to the 
right thereof, so that zone admission lights can be 
sensed. If a zone admission light pattern indicating a 
vacant zone is observed, the angular direction of the 
axis of light sensor 80 can be noted by circuit 102, in a 
manner similar to that performed by monitor 86, and a 
corresponding directional signal can be supplied to 
circuit 98 to rotate sensor 80 in the direction observed 
and to instruct the vehicle to turn so as to head in that 
direction. 

If a vacant zone has not been observed, the vehicle 
can be stopped, and the above-described scanning can 
continue until the zone in front of the vehicle becomes 
vacant. As a general rule, the number of vehicles in 
motion in the system will be such that any given zone 
will become vacant after a relatively short period of 
time. 

Alternatively, if a vacant zone has not becn observed, 
scanning can be effected over a range of 135-45" to the 
left. If a vacant zone is then found, signals are supplied 
to circuit 98 to instruct the vehicle to begin moving 
while turning to the left and to enter the zone which has 
been found to be vacant. If this scan does not indicate a 
vacant zone, a similar scan can be conducted to the 
right of the vehicle. 

If the vehicle must turn to the left or right in order to 
find a vacant zone, the subsequent zone admission light 
scan, after the vehicle has entered the vacant zone, 
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14 
should be conducted in the direction to the right or left, 
respectively, of the current vehicle orientation to assure 
that the vehicle does not depart too far from its opti 
mun path. 

If all scans reveal only occupied zones, scanning for a 
vacant zone is repeated, starting from the beginning, 
until a vacant zone is noted. 

In each case where the vehicle begins to move 
toward a vacant Zone, it is turned to head approxi 
mately toward the zone admission light source. Then, 
during further advancing movement of the vehicle, scan 
can be performed from a direction 10 to the left to a 
direction 10 to the right, with the direction of the navi 
gation light source being continuously noted and the 
direction of the vehicle then being adjusted to continue 
to head toward that light source. 

If, during zone admission light scanning, two zone 
admission light signals each identifying a vacant zone 
are observed, the vehicle can be caused to respond to 
the zone admission light whose direction is closer to the 
direction of the navigation light which has been identi 
fied. 
At about the time a vehicle crosses a zone barrier, it 

will leave the area of coverage of the zone admission 
light which is being observed. At this time, since each 
zone admission light source is located at the right-hand 
side of its associated zone, as viewed from the vehicle, 
the vehicle can be instructed to turn to the left by a 
selected angle, an angle of the order of 30 being suit 
able, and to travel a distance equal to approximately 
one-half the length of a zone side. This will bring the 
vehicle into the region of the center of the zone which 
it has just entered, thereby minimizing the danger of 
approaching a zone admission light support and assur 
ing that the sensor 80 comes into the area of coverage of 
the zone admission lights of several adjacent zones. 
Then a new search can be made for the highest prior 

ity navigation light signal visible to sensor 80, as de 
scribed earlier. 
According to a further possibility, scanning for a 

programmed navigation light source can be initiated as 
soon as the vehicle has passed beyond the area of the 
zone admission light beam toward which it has been 
heading. 

It may also be acceptable, depending on the amount 
of vehicle traffic, to limit the search for a vacant zone to 
the quadrant directly in front of the vehicle, i.e. be 
tween lines 45 to the left and right of the reference 
direction, and to halt the vehicle until a zone in the 
scanning field is vacant. 

If, after identifying a desired navigation light, no zone 
admission light is detected, the vehicle can be caused to 
head toward that navigation light while sensor 80 con 
tinuously scans the sector in front of the vehicle for a 
zone admission light. As soon as such a light is detected, 
movement of the vehicle relative to that light is con 
trolled in the manner described above. 
According to a further alternative operating proce 

dure permitted by the system shown in FIG. 6, zone 
admission lights impinging on sensor 80 can be continu 
ously monitored during navigation light acquisition so 
that the appropriate direction of vehicle travel can be 
selected as soon as the desired navigation light signal 
has been identified. 

In the case of the second-mentioned embodiment, 
each zone has a fixed location and each zone admission 
light produces a beam pulse pattern identifying the 
location of its associated zone. 
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Referring again to FIG. 1, the zones can be arranged 
in a rectangular grid array so that each Zone is located 
in a particular row R0-R5 and a particular column 
C0-C3 so that each zone is unambiguously identified by 
a combination of its row and column numbers. 
Then, the light pulse pattern produced by each zone 

admission light 56 is selected, by properly programming 
the associated generator 50, to identify its associated 
ZOC. 

By way of example, each light pulse pattern can con 
sist of a beginning light pulse sequence followed by four 
light pulses coded to identify the zone row and four 
light pulses coded to identify the zone column. Each 
group of four light pulses can provide a binary represen 
tation of the associated row or column number, i.e. a 
short pulse representing the binary "O' value and a long 
pulse the binary "1" value. 
The intervals between pulses can be varied between 

two values to indicate whether the zone is vacant or 
occupied. 
With this system, whenever a light signal maximum 

has been located, circuit 102 will evaluate the duration 
of the intervals between successive pulses and circuit 86 
will evaluate the binary values represented by succes 
sive light pulse groups following a beginning light pulse 
sequence. 
Memory circuit 90 need be programmed only with 

the coordinates of the zone to which the vehicle is to 
travel and comparator 88 is constructed to store a repre 
sentation of the coordinates of the zone last entered by 
the vehicle, which is normally provided by the light 
pulse pattern which was last evaluated and which iden 
tified a vacant zone. 
Then, when a subsequent light pulse pattern is being 

evaluated, comparator 80 determines whether the zone 
with which it associates is in the direction of the destina 
tion zone. 
With the above-described arrangement, this is a sim 

ple matter because it is only necessary to determine the 
differences between the row and column values of the 
destination zone and the row and column values of each 
of the Zone last entered and currently occupied by the 
vehicle; and the zone whose light pulse pattern is cur 
rently being evaluated. 

If the row and column values are identified by succes 
sive binary signals, i.e. row R0 or column C0 by "0000", 
row R2 or column C2 by "0010” etc., then comparator 
88 need only determine whether, for the zohe whose 
light pulse pattern is currently being evaluated, the row 
value and the column value each differs from the corre 
sponding value of the destination zone by an amount 
which is equal to or less than the difference between the 
corresponding values of the zone last entered and the 
destination zone. 

For example, if the programmed destination is dock 8 
at zone C0, R3, the signal identifying dock 8 is repre 
sented by: 

- 
0.011 

co 
0000 

If the vehicle is currently in zone C2, R1, the signal 
identifying that zone is represented by: 
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16 
-continued 

000 000 

The difference A between those signals will be evalu 
ated, in decimal terms, as 
ACc=2, APe=2, 

where the subscript "c' denotes the zone presently 
occupied. The operative light sensor 80 is caused to 
perform a zone admission light scanning operation, as 
described previously, and if the vehicle is presently 
receiving a zone admission signal from zone C2, R2, 
which signal is represented by: 

C2 
0010 

R2 
0010, 

comparator 88 will determine that, with respect to the 
destination zone, AC=2 and AR= 1. Here, the sub 
script "r' designates the zone from which a light signal 
is being received. Therefore, comparator 88 will deter 
mine that: 
ACr=ACc and ARCARc, 

and, if the light signal indicates that this zone is vacant, 
will instruct circuit 98 to propel the vehicle toward the 
light source presently being viewed. If the zone is occu 
pied, circuit 98 will instruct device 94 to continue the 
scanning operation. 

If the zone admission light signal being received is 
associated with Zone C1, R1, the same result would 
occur; if the received light signal is associated with zone 
C3, R1, comparator 88 will indicate that the vehicle is 
not to travel toward that light source and is to continue 
scanning until a vacant zone closer to the destination is 
located. 
As in the case of the first-described embodiment, 

when sensor 80 passes out of the area of coverage of the 
vacant zone admission light source toward which it is 
moving, to execute a turn to the left to travel toward the 
center region of the zone just entered. 

In the case of either operating embodiment, a "zone 
occupied' signal from circuit 102 will always cause 
circuit 98 to stop the vehicle and to direct device 94 to 
initiate a scan for a different permitted direction of 
travel. 
A "hazard proximity" signal from circuit 84 will 

always cause circuit 98 to instruct the vehicle to take 
the proper evasive action. At the same time, circuit 98 
can instruct drive 94 to execute a scan over a suitable 
range to relocate the light signal currently being pur 
sued, or to rotate in a direction opposite to, and by an 
amount equal to, the turning movement being executed 
by the vehicle to avoid the hazard. 

Reverting to FIG. 2, each zone admission light beam 
is formed to impinge on a sensor 80 present in at least 
one-half of the zone adjacent that associated with the 
beam. However, the beam can be formed to be received 
over substantially more than one-half of the adjacent 
zone, it being desirable that the beam not impinge on the 
operative sensor 80 until the vehicle has fully centered 
the adjacent zone so that all zone admission beams of 
the adjacent zone are producing a "zone occupied' 
pattern. 
Each zone admission beam is further formed so that it 

will cease to impinge on the operative sensor 80 of a 
vehicle before that vehicle has fully entered the associ 
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ated zone; otherwise, the vehicle will be halted by the 
"zone occupied' pattern of the zone admission light 
signal associated with the zone which the vehicle is just 
entering and which was previously vacant. 

Preferably, circuit 98 is constructed to cause the vehi 
cle to continue traveling in its current direction if its 
operative sensor 80 is not receiving a zone admission 
light signal. This will assure that travel will continue 
even if the vehicle should pass through a small area 
which is not receiving a zone admission light beam, 
because of beam misalignment or other reasons. 

Further, in systems employing separate navigation 
signal lights, each zone admission light could simply be 
turned off when its associated zone is vacant and could 
be actuated to produce a detectable signal pattern when 
the associated zone is occupied. Then the vehicle would 
be directed to the selected navigation light while con 
tinuously scanning for zone admission lights. 
The described system would not prevent two vehi 

cles from entering a zone via the same boundary sub 
stantially simultaneously. However, for most installa 
tions, such an occurrence is sufficiently unlikely that it 
will represent an acceptable risk. 
The system according to the invention can serve to 

produce zone occupied signals when a zone is entered 
by an individual. Alternatively, suitable time delay cir 
cuitry could be provided to make the system insensitive 
to the short light barrier interruption produced by an 

... individual. 
It will be understood that the above description of the 

present invention is susceptible to various modifica 
tions, changes and adaptations, and the same are in 
tended to be comprehended within the meaning and 
range of equivalents of the appended claims. 
What is claimed is: 
1. A system for effecting transport over a surface 

among a plurality of terminals, comprising 
at least one transport vehicle movable over the sur 

face; 
barrier means for dividing the surface into a plurality 
of contiguous elemental zones, with respective 
pairs of the contiguous zones being separated by 
respective boundaries, and for sensing the passage 
of said vehicle across a boundary between two 
contiguous zones; light signal generator means for 
emitting light signals identifying each said zone 
which said vehicle is permitted to enter and identi 
fying the location of each of the plurality of termi 
nals; 

circuit means connected between said barrier means 
and said light signal generator means and respon 
sive to passage of said vehicle across a respective 
boundary for controlling the light signals identify 
ing those contiguous zones which are separated by 
that respective boundary; 

first photoelectric receiver means carried by said 
vehicle for sensing light signals produced by said 
light signal generator means and producing electri 
cal signals representative of the light signals; and 

vehicle movement control means carried by said 
vehicle and connected to receive the electrical 
signals from said photoelectric receiver means for 
controlling the movement of said vehicle in depen 
dence on the light signals. 

2. A system as defined in claim 1 wherein said light 
signal generating means comprise light beam producing 
means for producing a plurality of independent light 
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beams, each independent light beam being associated 
with one respective boundary being composed of light 
signals identifying one zone of the pair of zones sepa 
rated by that respective boundary, and being directed 
toward a region in the other zone of that pair of zones 
for reception by said photoelectric receiver means 
when said vehicle is in such region. 

3. A system as defined in claim 1 further comprising: 
a plurality of vertical supports carrying said light signal 
generator means and arranged to stand upright on the 
surface; hazard warning light source means mounted on 
each said support for directing a cone of light down 
wardly around each said support; and second photoe 
lectric receiver means mounted on said vehicle for re 
ceiving light from said hazard warning light source 
means when present in such cone of light and connected 
to said vehicle movement control means for supplying 
electrical signals representative of the light received 
from said hazard warning light means for causing said 
vehicle to move in a manner to avoid the support en 
closed by such cone. 

4. A system as defined in claim 3 wherein said barrier 
means are carried by said supports. 

5. A system as defined in claim 1 wherein said barrier 
means comprise a plurality of light barriers each pro 
ducing a light beam aligned with a respective zone 
boundary. 

6. A system as defined in claim 1 wherein said vehicle 
movement control means comprise: programmable 
memory means providing an electrical signal represen 
tative of a light signal identifying a selected terminal; 
and means connected to said memory means and said 
first photoelectric receiver means for comparing such 
signal with electrical signals produced by said first pho 
toelectric receiver means for determining whether the 
light signal identifying the selected terminal is being 
received by said first photoelectric receiver means. 

7. A system as defined in claim 1 wherein said first 
photoelectric receiver means comprise: a support mem 
ber carried by said vehicle in a manner to be pivotable 
about a vertical axis relative to said vehicle; a light 
receiver having a directional characteristic with a maxi 
mum sensitivity in a given direction, mounted on said 
support member for movement therewith and with the 
directional characteristic of said light receiver oriented 
transversely to the axis of pivotal movement of said 
support member; means connected to said support 
member for causing said support member to execute a 
pivotal movement about the vertical axis; and move 
ment monitoring means connected to said support mem 
ber for monitoring the angular position of said given 
direction relative to said vehicle, and said vehicle move 
ment control means comprise circuit means connected 
to said light receiver and said monitoring means for 
providing an indication of the direction of origin, rela 
tive to said vehicle, of a light signal received by said 
light receiver. 

8. A system as defined in claim 1 wherein said at least 
one vehicle comprises a plurality of such vehicles each 
carrying a respective said photoelectric receiver means 
and vehicle movement control means. 

9. A system as defined in claim 1 wherein a portion of 
the surface has an obstacle located in at least one zone 
and said light signal generator means emits a light signal 
which identifies each said zone in which such obstacle is 
located. 
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